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3 STARTING THE SOFTWARE

1 Intr oduction

This documentis a shortdescriptionof how to use MIRLIN. It is hopedthat thereis enough
informationherethat anyone canobtaingood, trustworthy datawith MIRLIN without excessve
interactionfrom thedevelopmenteam.Youwill, of coursehaveto bethejudgeof that. Comments
arewelcomeandcanbee-mailedto ressler@couggpl.nasa.ge.

Whatis MIRLIN? MIRLIN (Mid-InfraRedLarge-wellimager “No, the‘n’ doesnt standfor
arything”) is a mid-infrared(5—26 um) camerabuilt by Michael Resslerand Michael Wernerat
JPL.Thecameras basedon Rockwell's HF-16128x 128 Si:As BIB array This arrayis unusual
in thatit hasa well depthof approximately30 million electrons;this allows the usetraditional
broadbanastronomicafilters (suchasN andQ) without sacrificinga reasonabléeld-of-view or
usingultrafast(thusexpensve) supportelectronicsMeasureglatescaleare0.15arcsec/piel (19
arcsed=QV) atthePalomar5—mand0.465arcsec/pirl (59 arcsed=0OV) atthe NASA IRTF 3—m.

Thecamergrovideswavelengthcoveragefrom 5-26um by having a thirteenfixedfilters and
al1%, 7-14pum CVF mountedn two filter wheels.Thefixedfilters canbe choserfrom amongthe
M, N, Q, Q-short,andQ-longfilters, the 6-filter 10 um silicateset,andthe newly defined7-filter
narrav-band20 pm set.

2 Powering Up MIRLIN

If youneedto powerup MIRLIN (this shouldbedonealready however),first turn onthe comput-
ers.TheSunSparcstatioshouldalwayscomeupjustfine. In principal,therackmoun#486should
too, but experiencenasshovn that50%of thetime you mustplugin thekeyboardin orderfor it to
bootsuccessfullyUnplugthe keyboardafterit startsto boot(thereddisk actvity LED shouldget
very busywhile it’s booting). Never, ever (1) turn off eithercomputemwithoutfirst shuttingdown
the operatingsystems.The simple (anddesired)solutionis never turn themoff, but if you must,
seethe sectionon shuttingdown MIRLIN.

After this,turn onthe Lakeshordemperatureontrollerandthe black steppemotordriver box
(ary order). | sometimesave trouble establishingcommunicationsvith the motor controller—
it canrequiremary on/off cyclesto getit cooperatinghowever, onceit is operating,| have no
furthertrouble. Finally turn on the arrayelectronicgpower supplybox. Oncethe systemis fully
operationalnothingshouldbeturnedoff until theendof therun—donotturnthingsoff attheend
of the night.

3 Starting the Software

Thestartupsequencéor thesoftwareis notdifficult, but it is notyet particularlyfriendly. Firstlog
ontothe SunSparcstatiorasusercaner a andtype the passvord knock _knock. This shouldlog
youin andautomaticallystartX Windows. A few xtermswill bestartedfor you. Theonly onewe
really careaboutis the onefor runningtheinstrumenicontrol (IC) program.Choosehelower left
screen(usuallygreen)thentype 486 atthe prompt. This shouldlog you into therackmount486
which is mountedon thetelescope.You may needto supplythe password (knock _knock). Then
changdirectory(cd) toi ¢, andtypem c attheprompt. ThisshouldstartupthelC program.You
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shouldwait until thingshaveinitialized andthetime countethasappearedh theupperright corner
of thexterm. Thextermshouldlook somethindik e Figurel beforeproceeding:

HIRLIN - “The Lean, Hean, Observing Machine!" wv. 2.3.96 Time 12:02: 50|:|
hcqg OK CycLeft O Filter OK Temper OK
Socketio OK

CamMode Basic Filter K
Itime 7.0 Filtl Pos
Coadd 8 Filt2 Pos

OhHMode Chop (AR} Det Temp
Chops 1000 Det Bias
Cycles 1

Observer Your Hame
Telescope IRTF - 0

dutoSaveIC Off Filename data ImageHunber 0001
AutoSawveXUUI On IcPath
Obhject mu Ceph - ERRHO=0 no error
Conment Clear! - ERRHO=0 no error
UIPath fdata/Har04 - ERBHO=0 no error
utosavexui On - ERRHO=0 no error

Figurel: ThelC XTerm

Now selectthe upperleft xterm (yellow) and simply type “go”. This will startthe X user
interface(XUl, Figure2) andthe“View FITS” program(VF). You shouldnow be readyto begin
taking anddisplayingdata. If a numberof soclet errormessagesr matherror messageappear
in the xterm, you didn’t wait long enoughfor the IC to initialize. Kill XUl andVF andtype“go”
again.

4 Taking Data— The Short Version

To setup to take your first image,you shouldsetup/checkhe following items (everythingis in
XUI). Underthe Parameters menu,selectChange This shouldpop up a new window labeled
(oserving Parameters (Figure 3). Make surethe cameramodeis Basig not Sim. Setthe
integrationtime (Itime, this is in millisecond$) andchoosethe numberof coadds.Choosethe
observingmode—thiswill usuallybe Chop/Nod, but eitherNod or Chop alonemay be useful
dependingon sky conditions. The Chops parameters the numberof +/- beampairsperformed;
Cyclesis the numberof A/B telescopenod pairs performed. Total on-sourceintegrationtime
assumingChop/Nodmodeis Itime xCoadds xChops xCycles Therewill be anequalamount
of time spentoff-source.(Theactualobsenationwill take longerthanthe sumof thesetwo times
dueto overhead.)

To seeadifferencerame(Object- Sky) attheendof acycle, make certainthe Object-Sky box
is checled. To seethe sumof differenceframeswhenmary cyclesare performedmalke certain
the Accumulate boxis checled. To clearthis accumulatoframe,click on Zero Accumulate.

4
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_|| 4 1 }(
Parameters © | Go ) Options © | Stop | Quit

STATUS SET UP

fir Temp 0.0k
Record Temp OFF

Status  Filter Info | Temp Info | About MIRLIN

Filter N - no error

Dbiect mu Ceph - no error
Comment Clear! - no error
UIPath /data/Marfd - no error
ButoSaveslUI On - no error

Command:
AutoSaveXU| On no error

Figure2: The XUl Main Window

_|| I

‘ Basic M ‘Dbs Setup | Eng

Obs Mode 7| Chop (AB)
ltime {msec) 7.0

Coadd 8 Chop Freq 7.4 Hz
Chops 1000 Efficiency 82.4%
Cycles 1

« Object-Sky | Accumulate | Zero Accumulator
Click on icon with Teft nouse ch
Filter

®

Object mu Ceph

1

Comment Clear!

Data Path /data/Mar04,
File Prefix data Next Image Number 0001

Autosave Data & On

Figure3: The“Obs” Window

Click on the Filter icon to selecta filter. A selectionchartshouldappeamwhich shows the
availablefilters (Figure4). Click onthefilter buttonyou desire.If youwantto setthe CVF, click
onthe CVF button,thentypein the wavelengthin the small pop-upbox (Figure5). The allowed

5
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wavelengthrangeis approximately7.5-13.7um.
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Figure4: TheFilter Chart
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Figure5: The CVF wavlengthpopup.

Click ontheBiasiconto getthe popupto setthe detectobiasvoltage(Figure6). Legal values
are0-2V with 1.5V beingthetypical choice.Higherbiasvoltagesaremoresensitve thanlower
onesbut abore 1.5V somebleedingwill be seenaroundbadpixels.

—|

J_I:_,<

Bias Voltage:

1.500

lniieite S

Figure6: Thebiasvoltagepopup.

Click onthe Telescopecon to setthe propertelescopdocationandorientation(Figure7). At
thistime, it affectsonly thetelescop@ameandtheorientationof thefirst pixel printedin the FITS
files andthe orientationof the differenceimagesdisplayedin VF, but eventuallywill selectthe
defaultnoddead-timethetelescope&ontrolcommunicatioormode etc. soit is goodpracticeto set

it now.
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—| S ¢
Telescope
| Palomar - 90
Palomar - 270
IRTF -0
IRTF - 180
Table Min -0
Table Min - 180
Other

Figure7: Thetelescopeselectionpopup.

Checkthe varioustext fields below the icons. “Object” and“Comment” shouldbe obvious;
“Data Path” selectghe directoryto storethe datain (pleasemake a subdirectoryoff of /data,e.g.
/data/Nw07), “File Prefix” chooseghe filenameprefix, and “Next ImageNumber” setsthe file
suffix. “Autosave Data” indicateswhetherto automaticallysave the dataasit is taken (you must
usethe“Save File” commandn VF to saveit if youdon't automaticallysave it here).

Now selectthe Setupwindow (from the Obs/Setup/Engarin the upperright, Figure8). The
“Nod East” and “Nod North” selectionsset the nod distancedor Palomaronly (the telescope
operatorsetsthemat the IRTF). Use negative valuesfor westor southmoves. The “Nod Dead
Time” istheamountf timetheprogramwaitsafteratelescop@odbeforetakingdata.At Palomar
this valuewill be 5—-10secondslependingon the nod distance;at the IRTF, this time shouldbe
2—-3seconds:‘Chop Throw” programshe chopperthrow in arcsecondat Palomar “Chop Dead
Time” setsthe delaytime betweerthe chopsignaltransitionandthe startof theintegration. This
shouldbe about2 msecat Palomarand perhapslLO0 msec(unconfirmed)at the IRTF. You should
alsosetthe properobserernamegmorethanoneis allowed). ThelC selectionsareautomatically
seton startupandprobablyshouldnt be changed.

You mightnow selectthe Eng window (Figure9) to seea lovely displayof all the systembias
voltagevalues.Thesevaluesarepassword protectedbut shouldnever needto bechangednyway.

Now reselecthe Obs window, andclick on the Go buttonbackin the main XUI panel. After
the appropriatemountof time, stunning datashouldappeain the VF panels.

LYour mileagemayvary.
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= |

ER

‘ Basic Sim

Observer Ressler,

Nod North (arcsec) 20.0

Nod East {arcsec) 0.0

Nod Dead Time {sec) 5.00
Chop Throw (arcsec) 0.0
Chop Dead Time {msec) 3

Obs | Setup Eng

ICHosthame mirlindB86

ICPath

AutosavelC | On

Figure8: The“Setup” Window

-

JJ_\A(

‘ Basic E

epassword

PREAMPO1 5.500
PREAMPO3 7.500
PREAMPO5 7500
PREAMPO? 7.500
PREAMP09 10 7.500
PREAMP13_14 7.500
VTUB DIG 9.500
FST_CLK_LO 5.000
LSYNC_LO 5.000
FSYNC LO 5.000
VSS_DIG 5.000
VACC 6.000

CUR_S 2.800

VDI 6.000

DETGRD 5.000
CHOP 5.000

Obs | Setup | Eng

* Engineering is Restricted *
TempRecord | Off ©On Sleep Dead Time (msec) g

PREAMPOZ 7.500
PREAMPO4 7.500
PREAMPOG 7.500
PREAMPOg 7.500

PREAMP11_12 7.500
PREAMP15_16 7.500

FST_CLK_HI 9.000
LSYNC_HI 9.000
FSYNC_HI 9.000
vDD_DIG 9.000
VDD1-16 5.600

CUR_G 4.000
VRST 6.900
DETSUB 3.500
OVERRIDE 0.000
THROW 0.000

Figure9: The“Eng” Window
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5 Taking Data— The Long Version

This sectiondoesnot cover every detail of theinstrumeniperationor of the softwareparameters.
Someknowledgeof infrared astronomyand computerliteracy areassumed.We will, however,
discusssomeconsiderationg a detailedway in orderthatusefuldatamaybe obtainedtheseare
thingswhich applyspecificallyto MIRLIN (andnototherinfraredcameraspr which we consider
to benotobvious(i.e. we learnedt thehardway).

5.1 Obsewning Setup
5.1.1 Obsewing Mode

Theobservingnodeallows you to choosewvhatsortof backgroundrames,if any, areobtainedn
the observingsequenceFirst a few quick definitions: 1) Staringis simply looking at the sky, no
motionwhatsoger. Therearetwo MIRLIN modeswhichstare:OBJandSKY. Theonly difference
is which VF buffer they arewritten to. The only reasonto write themto differentbuffersis so
thatyou cancontrolwhatis positive andwhatis negative in an objectminussky subtraction.2)
Noddingis moving the entire telescopebetweento locationson the sky, typically onewith the
objectin the field-of-view (henceOBJ) andonewith it out of the FOV (henceSKY). It cantake
from 3 to 10 secondgo allow the telescopeto settleduring moves, thus noddingis generally
doneonly at nearinfraredwavelengthqthusgenerallynever with MIRLIN, exceptperhapswith
the CVF), or aspartof a morecomplicatedprocedurg(seebelow). 3) Choppingis toggling the
telescopesecondarymirror betweertwo limits to move the objectin andout of thefield of view.
Thisis muchfasterthannodding;it takesapproximately2 to 5 millisecondgo settle thusonecan
chopbetweerthetwo positionsat over 40 Hz givena 5 msecintegrationlengthplusoverhead4)
Chop/Nodmodeallows a combinationof choppingand nodding. In this mode,a full chopping
sequences performedandthe differenceis displayed,thenthe telescopeas noddedto its new
positionandanotherchoppingsequencés done.Thedifferencebetweerthesetwo chopbeamss
subtractedrom thefirst differenceto give thefinal image.

The chop/nodsequenceas importantbecausechoppingeffectively changeghe shapeof the
telescopeSmalldifferencesn theillumination pattern(e.g. dustonthedewarwindow) will cause
artifactsin the residualwhich canbe quite large in comparisorto the object. The secondchop
sequencén the patternshouldhave the sameresidualerror asthefirst, thussubtractingt should
remove theresidual.Perhap$-igure10 will make thingsclearer

In this example boththe chopthrow andthe nodshiftsaresmallsothattheobjectis alwayson
the chip. Sometimesparticularlywith extendedobjects,onemustchopandnodinto completely
blanksky; thusthe objectis in thefield of view only 25% of thetime. A reasonablalternatve to
chop/nods takingonechopsequencentirelyonblanksky, thentakingmary chopsequencefper
hapsmoving thetelescopeslightly betweereach)on the object,thenanothemblank sky sequence.
Sincetheresidualslopesandwavesvary very slowly with time, it is probablynot necessaryo do
theblanksky residuaimorethanonceor twice perobject. Thesesky framescanthenbesubtracted
from all the on-objectsequenceto eliminatetheresiduals.Caremustbe taken, however, sothat
thenoisein thesky framesis sufficiently smallthatit doesnotimpactthe detectionimit.
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f ' { i Thepositive choppositionfor
A e _d cC ;A the two nod positions respec-

tively.

" "

Theneggativechoppositionfor
thetwo nod positions respec-
tively.

BFA D.

The differencesof the chop

sequences.The left imageis

displayedattheendof thefirst

chop sequencethe telescope
is then moved and the right

image is seenafter the new

chopsequence.

A-B.

The final image. The second
chop sequenceis subtracted
from the first to remove the
residualslopeandwaves.

(A-B)-(C-D).

Figure10: The Chop/Nodsequencef images.

5.1.2 Itime

The*“Itime” parametesetsthe single,on-chipintegrationtime. This time will almostalwaysbe
setby thethermalbackgroundf the sky andtelescopesopposedo the brightnesf the object.
Thekey to selectinga properitime is to understandhe competingcharacteristicgvhich affect the
data.Thefirstissueis linearity. Labtestsshav thatthedetectoiis linearto 1%from 0to 9,000,000
electrond8000ADU swing,about9000ADU final signallevel). Thiswill normallysetthe upper
limit of itime unlessyou are preparedo dealwith linearity correctionissues.The lower limit is
setby thereadnoise.Zerosignalpresentstself asaboutl,000ADU. Sincethetotal systemnoise
(readnoiseplus electronics)is about1400 electrons,your signalshouldbe at least2000 ADU
(final level > 3,000).Thefollowing diagramshouldhelpmake thingsclearer:

10
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1,000 3,000 9,000 15,000 16,384

N i i

Zero Read- Optimum Full
Signal noise Depth Saturation
Level

Figurell: Well depthdiagram.

5.1.3 Coaddsvs. Chops

Sinceboththenumberof coaddsandnumberof chopsareessentiallyfree parameterghisis how |
suggessettingthem.Usethenumberof coaddgo setthechopfrequeng youdesire.For example,
if you aredoing 10 msecintegrationanddecidethata 5 Hz chopfrequeng is the mostdesirable,
thenyouwill find thatabout8 coaddswill yield thisfrequeng. (Usethe ChopFreqline to monitor
how the numberof coaddsaffectsthe frequeng.) Thensetthe numberof chops(chopcycles)to
give the signal-to-noise/ou desire. If in the currentexampleyou decidethat you needtwice the
S/N, thenincreasghenumberof chopsby afactorof 4, while leaving itime andcoaddsalone.

5.1.4 Settingthe Chopper Throw and Angle

Thef/70 choppingsecondarynirror is controlledby signalsgeneratedy MIRLIN’ selectronicsn
orderto synchronizehe positionof the mirror with the dataframes.Thethrow signalis currently
convertedto f/70 languagdoy a smallgrayboxwhichis locatedin thedataroom. To setthethrow,
find the“Chop Throw” item on the SetuppageunderObservingParametersn the XUI. Thevalid
rangeis from O to 133arcsec.

The choppingangleis controlleddirectly by the chopperelectronics.On the front panelis a
redLED displaylabeled*ROTATION” with atoggleswitchunderneathPresshis toggleswitch
until thedesiredangle(eastof north)is displayedn thereadout.

5.1.5 BiasVoltage

The detectorresponsevariesroughlyasthe squareroot of the detectorbiasfor voltagesbetween
about0.5and2.0V (thusS/NO V222 ). The optimal settingis probablyabout1.5V: the default
is 1.5, but keepaneye on it; voltagesmorethanaboutl.5V leadto bleedingaroundbadpixels.
If you arehaving saturatiorproblemswith broadbandN, you mighttry reducingthe biasuntil the
signalis within asaferange.Thelinearity breakpointdloesnotchangeasafunctionof biasvoltage,

thusafinal level of 9000is still areasonabléarget(seesection5.1.2).

5.1.6 Filters

Thefollowing tableindicateshe availablefilters andtheir bandwidths.Thereis roomfor only 13

filters atagiventime, sofilter requestshouldbe madewell in advanceof anobservingun.
Figure 12 shaws thesefilters in relationto the atmospheridransmission(for MaunaKea).

Thereis alsoa 1% spectraresolutioncircularvariablefilter (CVF) which hasa usefulwavelength

11
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5.1 ObservingSetup

Tablel: Filter Lists
Name A (um) AA (um) Flux (Jy0 Mag)

K 2.2 0.4 650

M 4.68 0.57 165

N 10.79 5.66 33.4

Q-s 17.90 2.00 12.4

Q- 22.43 4.85 7.9
Name A AN Flux | Name A AN Flux
NO 791 0.76 60.9| QO 17.20 0.60 134
N1 8.81 087 494 Q1 17.93 045 123
N2 9.69 093 41.1| Q2 18.64 052 11.4
N3 10.27 1.01 36.7| Q3 20.81 165 9.2
N4 11.70 1.11 285| Q4 2281 121 7.7
N5 1249 1.16 25.1| Q5 24.48 0.76 6.7

rangeof approximately7.5to 13.7microns.

Absolute Transmission

Atmospheric Transmission for Mauna Kea and MIRLIN Filter Ranges

1.0—

I

} z

N2

N1 N3

N4

N5

Q-1

Q1= Q3

Al

8

9 10

11

12 13 14

Wavelength (um)

16

18 20

22 24 26 28 30

Figurel2: Atmospheridransmissiorfior MaunaKeaandMIRLIN’ sfilter passbands.
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5.2 Flat Fields

We have notyet determinedhe bestway to applytraditionalflat-fieldsto MIRLIN data.We have

hadsomesuccessvith usingdomeminussky imagesaswell ashigh airmassminuslow airmass
images. Unfortunately thereappeardo be somevariationin flatnessover the array dueto the

optics.We areactiely working onthis, but in themeantime, to coveryourselfaswell aspossible,
try to keepyour objectsand standardstarsin the samepositionon the array—thepixel-to-pixel

variationsaremuchsmallerthantheglobal, optics-inducedariations.

5.3 Dewar Rotation Angle

BecauseMIRLIN wasdesignedo be usedat both Palomarin a side-lookingconfigurationand
at the IRTF in an up-looking configuration,compromisesiadto be madein ordernot to dump
all the cryogensat one telescopeor the other This led to the placementf the fill tubesnear
the window “edge” of the dewar top. We have sincefound the the fill tubesmay not be placed
exactly horizontallyor pointeddownward;this leadsto anorderof magnitudehigherliquid helium
boiloff rate. Consequentlythe devar mustbe rotateddependingon what partof the sky is being
obsered. At the IRTF the cutoff is simple,any objectwhich is southof zenith(~ 20°) requires
that MIRLIN’ s fill tubesbe pointednorth (0° rotationangle); north of zenithrequiresthat they
pointsouth(180C rotationangle).Be warnedthatanything within two degreesof zenith(18—-22)
may causeancreasedoiloff.

At Palomar whenthe dewar is on the north side (90° positionangle),declinationsfrom +15
to +90° may be obsered. Whenit is on the southside (270° positionangle),declinationsfrom
-35to +50 maybereachedTheoverlapis dueto the 20° tilt atwhich MIRLIN is mountedonthe
infraredcoffin.

In the softwareon the“ChangeParameterspage thetelescopaconwill allow youto pick the
dewar orientation.The softwarewill thengenerateéhe commandsecessaryo rotateandflip the
imagessothatnorthis alwaysup andeastis alwaysleft onthedisplay Thedirectionof pixel 0,0
is alsoprintedin the FITS header

5.4 Acquiring Objectsat Palomar

Finding mid-infraredsourcescanbetricky if they arenotalsooptically visible, but the following
routine seemgo work relatively well. Figure 13 shaws a “cartoon” of whatyou will seein the
visible wavelengthfindercameraThelargesquareoccultingthefield of view is MIRLIN's pickoff
mirror. Firstfind a bright mid-infraredstandardstandardstarandmove it to the centerof thetop
“crescent”to position A. Now move the telescopeapproximately35 arcsecondsorth (perhaps
southif the dewar hasbeenrotated180°) andcenterthe starin MIRLIN’ s field-of-view (if it were
not blockedby the pickoff mirror, this would be positionB). Move thetelescopesouthexactly 35
arcsecondgperhaps30 or 40 arcsecondfstead)andmark the new positionof the starwith the
crosshairs.You mightalsowish to have thetelescop@peratomperforman“X” atthis point. | find
it usefulto have the operatordefinean“A” asthe 35 arcseconadhorth (or whateser) move; when
you centerthe objecton thevisible cameracrosshairs,thenaskto do a“move A”, the objectwill
thenbe well centeredn MIRLIN. This way you do not have to remembemvhich orientationthe
dewaris in or whatexactly your offsetis. Do a“move-A’ to getthe objectbackonthecrosshairs.

13
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-+ A

Figurel3: Thefindercamerdield of view

If yourobjectis optically visible, find theobjectin thevisible cameraandcentent onthecross
hairs,do a “move A”, andtake data. If the objectis notvisible, askthe operatorto find a nearby
SAQ star centerthisonthecrosshairs,moveto yourobjects coordinatesgoa“moveA”, andtake
data.Thissounddik e alot of moving, but our experiences thatthe 200’ seemso pointextremely
well, andassumingheobjects coordinatesregood,it will fall within anarcseconaf yourtarget
spot.Seesection5.7 for tricks onhow to centerup ontheobject.

5.5 Guiding at Palomar

Hereis a quick recipefor finding guidestarswith the offsetguider At the beginningof the night,
do thefollowing:

1. Findabrightstandarcdandcenterit in MIRLIN’ sfield of view.

2. Zerothetelescopeffsets. This canbe doneby typing “tcs z” in the commandoromptarea
of MXUI or askingthetelescop@peratoito doit.

3. Puttheguiderpositionatits origin (type*“og r 0 0” atthe guidercomputermprompt. It may
take awhile (~ 30 secondsjo completethe move.

4. Movethetelescopeuntil the staris centeredn theguiderfield of view (about10’ across).

5. Recordthe offsetsfrom the telescopecoordinatedisplay North andeastare positve. For
example,if theoffsetsare10arcseavestand20 arcsemorth,recordthisas”-10 20”.

6. Movetheguideroutof thecenterposition(e.g. “og r 600”)

Thenfor eachobject,performthefollowing:

14
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1. Positiontheobjectin MIRLIN’ sfield of view in thenormalway (SAO star move to object,
moveA, etc.)

2. Enterthe guide star offsetsinto the computey e.g. “og r 35.6-92.3” for a 35.6 east,92.3
southoffset.

3. Offsetanadditionaldistancecorrespondingdo the offsetsfoundabove,e.g.“og i -1020".

4. Theguidestarshouldbein theguiderfield of view. Do additional‘og i” movesto centerthe
starasnecessary

5. Move the guidercrosshairsinto the guider“hex”, but not on the star by pushingthe blue
buttonson theguiderbox.

6. Twiddlethe“H-ZERO” and“V-ZERO” knobson the guiderbox until theredlights flashin
abalancednanner

7. ReadtheHEAD anglefrom theguidercomputetanddial thatnumberinto thethumbwheels
ontheguiderbox. Checkthatthemodeknobis setto modell.

8. Move the cursoronto the starandturn on the guide switch. The LEDs shouldflashgreen
whentheguiderstarts‘pushing” the starto the centerof the crosshairs.

5.6 Twist and Shoutat Palomar

To “twist andshout” (align the instrumentoptical axis with the telescopeoptical axis), it is nec-
essaryto adjustthe gold pick-off mirror whichis insertedinto the InfraredCoffin. Therearetwo
micrometerspnewhich controlsup-and-davn (north-southimovementof the pick-off mirror, the
othercontrolsside-to-sidgeast-west).The overall goalis to have the dewar look preciselyat the
secondarymirror so thata uniform, low backgrounds seenacrossthe whole MIRLIN field-of-
view. The backgroundsignalincreasesiramaticallywhenthe pick-off mirror is misaligned,so
the twist-and-shouattemptsto minimize this. The twist-and-shoutvorks bestwith two people:
oneto adjustthe micrometerspneto take imagesandcall out movementgo optimizethe posi-
tion. The twist on shoutcangenerallybe donein the afternoonor early evening. Simply have
the telescopepointedat zenithand make sureboth the primary mirror cover andthe secondary
mirror lid areopen. As long asthe backgrounds not greatlyvarying, this shouldbe suficient.
Thealignmentcanalsobetestedby observinga very out-of-focusstar: theimageshouldberound
andsymmetrical.

5.7 VF Tipsand Tricks

To centerup on your object,the mostconvenienttrick is to call up the “TCS Coordinates’box
under‘Options”in VF. Simply click onthecurrentpositionof thestar thenpress't” (for “from”).
Thepixel coordinateshouldappeain thepanel. Thenclick onwhereyouwouldlik ethestarto be
andpress‘t” (for “to”). Thenpress‘CalculateOffset” followed by “Offset TCS”. Thetelescope
shouldmove the distanceindicatedby the calculation. The next imageyou take shouldhave the
objectexactly whereyou did the“to” click.
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7 ERRORRECO/ERY 5.8 Saing datawith the CD-ROM writer

To aidin focusing,it is usefulto displayline cutsthroughastar To dothis, obtainanimageof a
star;this shouldbedisplayedn PanelC (upperright) which by default displaysBuffer 2 assuming
you did a normalchop. Now click on PanelD. Whereit indicatedthatit is displayingBuffer 3,
changehis by selectingBuffer 2 (b2). Whereyou probablysee‘Image”, changethis by selecting
“Line cut”. A line cut plot shouldnow appeaiin the lower right panel.Click on the starin Panel
C,thenpress!” (“el”) to have the cutsgo throughthe pointyou clicked. You canrestrictthe plot
rangeby drawing a box aroundthe starin PanelC with the middle mousebutton, thenselecting
“Box” onthePanelD setup.

5.8 Saving data with the CD-ROM writer

MIRLIN hasa CD writer for backingup data; CD’s have greaterlongevity thantapesandthey
canalsobeuseddirectly by dataprocessingoftware. Writing CD’s is not difficult; a simpleshell
scriptis all it takes. To write the CD, follow thesesteps:

1. Putanew CD into the CD caddyandinsertit into the writer.

2. Type“make_cd/data”. Everythingin the/datadirectorywill bewrittento theCD. You can
specifysubdirectorie®f /dataif youwish.

3. Comebackin anhourandpick up your nice,shiny CD.

If you want to make a secondcopy, type the command‘burn_cd” to make the second. This
commandassumeshata diskimagealreadyexistsas/cdimage/imagéwhichis createdaspartof
the“make_cd”’command).

6 Shutting down MIRLIN

If youareonly shuttingthe systemdown for the night, all you needto dois selectthe“dark” filter,
thenpressheHalt buttonunder‘Parametersin the XUl orissueahalt commandrom eitherthe
XUl orthelC. Whenthe*GO” statugeads‘Halted”, thenexit from all the software(Quit buttons
in VF andXUl, die commandn IC). Do notturnoff any of theelectronics.

To shutthe entiresystemdown at the endof a run, first exit the softwareasdescribedabove.
Logoutfrom the486,thenissuethe commandhalt486 from the Sun. Thiswill shutdown the486.
Now exit from X Windows andlogout. Reloginashalt. Thiswill shutdavn the Sunworkstation.
After afew minutesyou mayturn off all the powerin reverseorderfrom the startup(i.e. first the
arrayelectronicgpowersupply thenthemotorcontroller thetemperatureontrollef therackmount
486,andfinally the Sun).

7 Error Recovery

In spiteof my goalto have a perfectinstrumenttherearestill afew little “nasties”runningaround
the system,someof which shouldbe fixed soon(or alreadyhave been)and someof which will
probablybedeil me until we build the next instrument.If you shouldencountewone,herearea
few thingsto try.
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8 SYSTEMMODIFICATIONS AND BUG Re¢B®Sringfrom a SoftwareCrash

7.1 Recoering from a Software Crash

Shouldyou experiencea software crash,the simplestway to recover is to restartthe software,
thengo to “Execute’'DO’ Files” underthe “Options” button in XUI. Assumingyou arein the

default macrodirectory (/home/mirlin/camera/macros file called“%%recall” shouldappearat

thetop of thelist. This file wascreatedautomaticallythe lasttime you pressedhe “GO” button,

thusit shouldhave the mostrecentsystemstatestoredin it. Simply highlight thefile, thenpress
“Execute’to reloadeverything. You shoulddouble-checkhe“Next ImageNumber’parameteto

make certainyoudon't try to overwriteary existingfileswhich mayhave beensavedafteryoulast
pressedhe“GO” button.

7.2 Clearing a GoTask ERROR state

If anon-fatal errorwhendoinga Go occurs,pressStopto clearthe ERROR stateandreturnthe
GoTaskstateto READY. How do you know if it wasa non-fatal error? Try this andif the next
integrationworks, it wasnon-fatal.

8 Systemmodificationsand bug fixes
e [Pre-1996ixes]

— Fixedbugwhich caused/F to stopupdating.

— FixedBCARD error. Causedy lack of retriesto seeif integrationfinished.
— Fixedsocletreseterrorsaftera BCARD crash.

— Fixedstaremodewhich gotbrokenwhenl fixedtheBCARD errors.

— Fixedmosterrorswith panelvalueupdatesStill, checkthepanelwherecommandsire
echoedo make certainthingswentthrough.

— Fixedlong choppingdeadtime problem.You shouldbe ableto choparbitrarily slowly
now (notthatl recommendt).

e [May, 96] Installednew optics. This shouldgive flatterfield.
e [Nov, 96] Fixedtelescopeoordinateerrorsin FITS headers.
¢ [Dec,96] Eliminatedfilter cablegroundloop.

e [Dec,96] Installedpupil imaginglensto aid with alignment.

e [Mar, 98] Twealedshortesitime to 4.8 msec.AddedKeckvariations.
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A COMMAND SUMMARY

A Command Summary

A.1 Commandscommonto both IC and XUI

Thissectiorsummarizesll thecommandsndliststhemin thefollowing form: \begin{description}
\itema{functionname}{defwultvalue}{valuerange}Description.\end{description} havetriedto
be carefulto indicatefloating point valueswith a decimalpoint andat leasta tenthsdigit, while
integersdo not have a decimalpoint (\emph{e.g.}“10.0” vs. “10”). Thingswhich don't have a
sensibledefaultvalueor rangeareindicatedwith a*“\verb+-+"in theappropriateentry,

accumulate of f [on/off] — Accumulatehedifferencdramesgatherediuringnoddedobsenations
into VF buffer 3.

autosaveic of f [on/off] — Automaticallysave thedataon theIC hostcomputer(notimplemented).
autosavexui of f [on/off] — Automaticallysase the dataon the XUl hostcomputer

beameast0. 0 [-300.0 — 300.0 arcsec] — Setthe eastnoddingdistancegPalomaronly).
beamnorth 0. 0 [-300.0 — 300.0 arcsec] — Setthe northnoddingdistancgPalomaronly).
cammode basicbasic/simSetthe cameramode(“basic” or “sim”).

chopdtime 101 - 500 msecSetdelaybetweerchoptransitionandstartof integrationin msec.

chops 1 1 - 32768/coaddSetthe numberof desiredchopcycles. (Coaddsx chopsmustbe <
32768.)

chopthrow 00 - 133.2Setthe choppingsecondarynirror throw.

coadd 11 - 32768/chop$etthe numberof coaddgperbeam/chop.
color noyes/noSetcolor attributesfor kbio (notimplemented).
comment No Comment Setthecommenfor theFITS datafile.

cvf - 7.5- 13.7micronsSetthefilter wheelsto this CVF wavelength.
cycles 11 - 1024Setthenumberof telescopaodcycles.

display ? 0 - 2 Determinesow thekbio processipdateghe parmswindow onthescreen.
dtime 1.00.0- 30.0secSetthetelescopesettlingtime afteranodmove.
epasswrd - - Entertheengineeringpassverd.

filename data- Setthefilenameprefixto besaved.

filter openfilter nameSelectthefilter (open,dark,NO, N1, etc.)

filterinit - - Initialize thefilter wheels.
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A COMMAND SUMMARY A.1 Commandsommonto bothIC andXUI

go - - Begin anintegration.

goinit - - Initialize the electronicgdubiousfunctionality).

goreset - - Resettheelectronicgdubiousfunctionality).

halt - - Halttheelectronics.

imagenumber 1 1 - 9999Setthe nextimagenumber

itime 10.05.0- 60000.0msecSettheintegrationlength.

nop - - Do nothing(usefulfor someinternalinitialization routines).
object ObjectName- Settheobjectname.

obsewer YourName- Setthe obserers’names.

obsmode 3 0 - 5 Pick the obsenation mode; 0 = stare(A),1 = stare(B),2 = nod, 3 = chop,
4"="chop/nodp = movie (notimplemented).

setbias - 0.0- 10.0V Setabiasvoltage;hastheform setbiadoard,dac,eltage;will disappeam
thenearfuture.

setrbias - 0.0- 10.0V Seta biasvoltage;hasthe form setrbiasboard,dac gltage;requiresthe
engineeringpassvord.

sleepdtime 501 - 1000msecAmountof timeto wait beforecheckingf integrationis done.Don’t
changehis unlessyou aresureyou know whatyou'’re doing.

status - - Doesnt appeato do anything.

stop - - Stopanintegration. Breaksonly at nod or chopchangessomistakeswhendoingalong
stareor nodonly cangetlong andboring.

subab off on/off AutomaticallysubtractA andB beamsn VF buffer 2whenchoppingor nodding.
tcs - - Senda TCScommand.
tcshostnamemirlin - Setthe TCShostcomputemame.

telescope0 0 - 6 Setsthetelescopadentifier (0 = Palomarat 90 deg, 1 = Palomarat270deg, 2 =
IRTF at0dey, 3=IRTF at180deg, 4 = TableMountainat0 deg, 5 = TableMountainat 180
deg, 6 = Other).

tempcmd - - Sendatemperatureontrollercommand.

temprecord off on/off Recordthetemperaturéo afile; requiresheengineeringpassverd.
wait - 0.005- 60secSetGO busyfor n seconds.

xuihostname mirlin - Setthe XUl hostcomputemame.

xuipath /data- Thethepathfor XUl macros.
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B TOPPINGOFFTHE CRYOGENSAT PALOMAR2 Commandsn IC only

A.2 Commandsin IC only
die - [-] —QuitthelC program.

A.3 Commandsin XUI only

dofile - [-] — Executea macrofile

dofilemask * [-] — Setthemaskfor displayingavailablemacrofiles.

dopath $HOVE/ macr os [-] — Setthe pathto find macrofiles.

ichostname mi r| i n486 [-] — Setthe IC computehostname.

pwindow 0 [0 — 2] — Selectthe parametewindow; 0 = observing,1 = setup,2 = engineering.
vf - [-]—Senda VF command.

viewicdata - [-]-(?)

B Topping off the cryogensat Palomar

Mostof you shouldnever have to dealwith toppingoff thecryogensn MIRLIN, butif youshould
find yourselfin thatposition,hereis theinstructionlist. For yourinformation,the LHe hold time
is roughly 32 hours,the LN2 hold time is significantlylongerthanthat, andit is bestto do the
transferafterthe night’s observingatherthanbeforeto minimize cryogenspillage.

e Two shortingplugs

3/16ball driver

Window cover plus#2 scrav

Smallslottedscrevdriver or 5/64 ball driver for #2 screv

Metal block (for supporting_He transfertubeabove dewar)
e LHe transfertube

e Funnel LN, flasks
Procedure:

1. If necessaryollow theinstructiongor shuttingdown theMIRLIN software.If the“Gotask”
statusin the XUl panelonthe Sunworkstationreads‘Halted” (purpleletters)or if the XUI
andIC programshave beenshutdown (commandoromptsvisible in the probablygreenand
yellow xterms),it is safeto proceed.
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B TOPPINGOFFTHE CRYOGENSAT PALOMAR

10.
11.

12.

13.

14.

15.

16.

17.

18.
19.

. Turn off the arrayelectrnicspower supply the filter motor controller andthe temperature

controller(if present)n thatorder

. Remore thegrayhouselkeepingandmotordrive cablesrom the dewar.

. Placeonehandon the electronicshox, thenremove the array cablesfrom the dewvar with

your otherhand. Immediatelyinsertthe shortingplugs after removing the cables. (If you
don't have theplugs,don’'t removethecables!)

. Placethewindow cover backoverthedewar window.
. Remore the scravs which clampthedewar into theinstrumentimount.

. Slidethedewar out of themountandgentlyplaceit onthefloor. Warning:thedewarweighs

approximately90 Ibs. empty

. Remore therubberboiloff controltubes. The nitrogentubehasa simplescrav-on cap,the

heliumtubehasa safety“widget” with a stoppertthatfunctionsasa pressureelief.

. PositiontheLHe devarnearMIRLIN by puttingthede~varonthe“mushroom”(ram/platform/whateer-

you-call-it) andraisingit sotheneckis atthe Casscagefloor level insidetheaccessloor.
Retriere the LHe transfertubeandslidethe o-ring to nearthe bottom.

Closethe 1/2-1b safetyvalve on the LHe dewar andslowly insertthe transfertubeinto the
neck.Tightenthe o-ring nutassoonaspossibleto getaleak-proofseal.

Watchthe pressureggaugeon the LHe dewar. You would lik e the pressureo riseto roughly
7-8lbs. If it goesover 10, openthe safetyvalve to dropthe pressure bit.

Continuepushingthe tubeinto the dewar. Ultimately, the tubeshouldbe 1/4 inch from the
bottom(pushit down to the bottom,thenpull backa bit).

Whena strongsolid white jet appearsat the transfertubetip (looks somethindik e a blow-
torch),insertthetip into MIRLIN’ s LHe can. You shouldseea milky white plumeapproxi-
mately6—12inchestall (dependingon humidity conditions)while theliquid is transferring.

After sometime, the plumewill begin to billow andspitlittle streamer®f condensaterhis
indicateghecanis full. (8 literstotal capacity)

Openthe 1/2-1b or the large through-alve on the LHe dewar to ventthe pressurepull the
tip from the MIRLIN LHe can,unscrev the o-ring nut, andremove the transfertubefrom
the storagedewar.

ClosetheLHe dewar neckandthelargethroughvalve. Openthe 1/2-Ib safetyvalve.
Reinserthe LHe boiloff tube.

Usingafunnelandflasksof LN, fill LN2 canuntil it overflows. (4.5 literstotal capacity)
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B TOPPINGOFFTHE CRYOGENSAT PALOMAR

20. Reinstallthe LN boiloff tube.
21. Follow steps2 — 7 in reverseorderto put MIRLIN backonthetelescope.

22. Follow theinstructiondor startingthe MIRLIN software.(Thedaycrev mayomit thisstep,
leaving it to theobserers.)
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